The regulation of biliary cholesterol secretion by hepatocytes has received much interest [1] , since it has a major impact on two highly relevant disease complexes, namely, the generation of cholesterol gallstones which have an overall prevalence of 10-20 % in developed countries [2] and reverse cholesterol transport [3] , an important protective pathway against atherosclerotic cardiovascular disease as well as the main cause for morbidity and mortality in industrialized societies [4] . Less attention has thus far been given to the potential participation of the gallbladder itself in metabolism, which is somewhat surprising, since the gallbladder has the capacity to actively absorb cholesterol from bile and thereby modulate bile cholesterol content [5] . Changes in transporters mediating this metabolic activity of gallbladder epithelial cells could conceivably contribute to cholesterol gallstone formation in disease. However, only a very limited number of studies exist that have functionally explored the relative contributions of known cholesterol transport proteins to cholesterol transport in and out of the gallbladder (Fig. 1) .
The study by Yoon et al. [6] in this issue of Digestive Diseases and Sciences reports that the ATP-binding cassette transporters G5/G8 (ABCG5/G8) are expressed on the apical side, while ABCA1 is found on the basolateral side of gallbladder epithelial cells. Both transporters are upregulated in gallbladders from patients with cholesterol gallstone disease [6] . Thus far, on the apical side the expression of ACBG5/G8 [7] , scavenger receptor class B type I (SR-BI) [8] , cubilin and megalin [9] was reported in gallbladder epithelial cells. The obligate heterodimer ABCG5/G8 is a cholesterol transporter expressed in enterocytes and hepatocytes, where it mediates the excretion of cholesterol and plant sterols out of the cell [1] . About 70 % of total biliary cholesterol secretion is ABCG5/G8 dependent. Total genetic deletion of ABCG5/ G8 produces sitosterolemia, a disease associated with hyperabsorption of cholesterol and plant sterols that is linked to accelerated atherosclerosis [1] . Interestingly, the ABCG5/G8 locus has also long been implicated in the formation of cholesterol gallstones [10] . Recently, specific coding variants have been identified in genome-wide association studies that likely result in a gain-of-function of ABCG5/G8, supposedly translating into increased biliary cholesterol secretion [11] . Neither in animal experiments nor in human material has the functionality of ABCG5/G8, specifically in the gallbladder, been explored; although, derived from their function in liver and intestine increasing cholesterol secretion into bile would be expected. In this context the higher expression of these transporters noted by Yoon et al. [6] in patients with gallstone disease points towards a causative contribution of ABCG5/G8 to gallstone formation. However, results from studies using the perfused gallbladder model indicated reduced cholesterol absorption from bile in gallbladders from gallstone disease patients [12] , although the methods used did not formally distinguish between decreased uptake versus uptake followed by accelerated resecretion, e.g. via increased ABCG5/G8 expression [12] . Moreover, decreased expression of uptake receptors on the apical side such as cubilin or megalin might also explain these results. Interestingly, cholesterol uptake and secretion can occur on the apical side [13] providing further indirect evidence for a potential functional role of ABCG5/G8 in the gallbladder. SR-BI, mainly known as the selective uptake receptor for HDL cholesterol [4] , has also been detected on the apical membrane of gallbladder epithelial cells [8] . However, although in this case functional studies were carried out, no clear role could be assigned to the expression of SR-BI in the context of cholesterol handling by gallbladder epithelial cells [8] . Correlation of transporter expression levels with actual cholesterol transport in clinical material would be worthwhile.
Nieman-Pick C 1-like protein 1 (NPC1L1) is another potential apical cholesterol transporter expressed in enterocytes, hepatocytes and gallbladder in humans [1] . The molecular target of ezetimibe, NPC1L1, mediates cholesterol uptake although its functional impact has thus far not been investigated in the gallbladder [14] . Such studies would be of relevance, given that ezetimibe could potentially not only inhibit NPC1L1 in the intestine and in hepatocytes but also in gallbladder epithelial cells, promoting gallstone formation, which contrasts with the clinical experience, since the drug is apparently associated with a decreased prevalence of cholesterol gallstone formation [14] . Since gallstone formation is a complex process, this observation could reflect the modulation of a number of important factors, in particular the substantial impairment of biliary cholesterol secretion by hepatocytes proximal of the gallbladder [14] .
The cellular cholesterol efflux transporter ABCA1 is expressed on the gallbladder epithelial basolateral membrane [4] . Hepatic (70 %) and intestinal ABCA1 (30 %) contribute significantly to the plasma levels of HDL cholesterol, whereas macrophage ABCA1 protects against the development of atherosclerosis [4] . Acceptors for cholesterol effluxed by ABCA1 in plasma are primarily small poorly lipidated discoidal HDL particles [4] . Interestingly, Yoon et al. [6] reported that the expression of ABCA1 was increased in gallbladders from patients compared to controls. This finding is surprising given that macrophage ABCA1 is significantly downregulated in response to proinflammatory stimuli [15, 16] . However, increased basolateral ABCA1 expression could translate into increased cholesterol efflux from gallbladder epithelial cells as a mechanism to prevent cellular cholesterol overload as reported previously [17] . In the isolated normal human perfused gallbladder, addition of HDL to the arterial perfusate efficiently mobilizes cholesterol from the gallbladder [18] . However, gallbladder epithelial cells express and secrete apolipoprotein (apo)A-I and apoE [19] . The expression of apoA-I suggests the possibility that gallbladder epithelial cells export cholesterol in the form of HDL particles, potentially representing a novel cell type in addition to hepatocytes and enterocytes that can form HDL. In macrophages, apoE facilitates cellular cholesterol efflux [4] . Thereby, apoE expression in gallbladder epithelial cells might represent an additional factor facilitating to free these cells from excess cholesterol accumulation and related toxicity. Another relevant cholesterol export protein is ABCG1 mediating efflux towards larger HDL particles [4] . However, it is currently unclear if this transporter is expressed in gallbladder epithelial cells. Also unclear is how the presence of macrophage foam cells close to the basolateral side of gallbladder epithelial cells noted histologically in material from gallstone patients by Yoon et al. [6] should be interpreted. More work will be required to delineate how these macrophages obtain their lipid cargo and what the functional relationship with gallbladder epithelial cells is in cholesterol metabolism.
The impact of conditions such as inflammation or diabetes, which increase risk for gallstone development [2] , should be further explored. Moreover, the transcriptional regulation of cholesterol transporters by bile acids either through farnesoid X receptor (FXR), fibroblast growth factor (FGF) receptors or the G-protein coupled receptor TGR5 (GPBAR1) would seem meaningful. Such data are relevant especially given the recent interest in FXR or TGR5 agonists for the treatment of metabolic disease [20] . The tissue expressing the highest levels of TGR5 is the gallbladder; interestingly, TGR5 knockout mice are protected from cholesterol gallstone development [21] . Therefore, treatment strategies using TGR5 agonists might be associated with an increased incidence of cholesterol gallstones. In summary, the work by Yoon et al. [6] represents an interesting addition to the study of the active participation of the gallbladder in cholesterol metabolism, a topic that has not reached attention commensurate with its clinical importance. Future studies should aim to provide a more complete functional picture of the components of cholesterol metabolism expressed in gallbladder. Results from such studies would not only help to decide if the primary culprit for gallstone disease is the hepatocyte or the gallbladder epithelial cell, but would also provide the context for novel therapeutic approaches against cholesterol gallstone disease.
